(12) 



UK Patent Application „s,GB <„, 2 1 29 528 A 



(21) Application No 8329571 

(22) Date of filing 4 Nov 1983 

(30) Priority data 

(31) 439057 

(32) 4 Nov 1982 

(33) United States of. America 

(US) 

(43) Application published 
16 May 1984 

(51) INT CL* 
F16K 31/08 
F15B 11/10 

(52) Domestic classification 
F2VA7 

(56) Documents cited 

GB 1527931 

GB 1383779 

GB 1041074 
(58) Field of search 

F2V 



(71) Applicant 

Spectra-Physics Inc., 
(USA - Ohio), 
Spectra-Physics 
Construction and 
Agricultural Division, 
5475 Kellenburger Road, 
Dayton, 

Ohio 45424-1099, 

United States of America. 
(72) Inventors 

Arthur H. Gey lor, 

Ted. L. Teach. 
(74) Agent and/or Address for 

Service 

R.G. C. Jenkins & Co., 
12-15 Fetter lane, 
London EC4A1PL 



(54) Valve with internal pilot 

(57) A four-way valve (1) for selectively 
controlling the application of fluid and 
exhaust pressures to opposite sides of a 
double acting cylinder (not shown) util- 



izes a main valve spool (20) that is 
axially movable In a valve housing (10) 
defining ports respectively connected 
to opposite sides of the cylinder (15, 16) 
and to the pressured and inlet sides of a 
fluid pressure source (12 to 14). The 
spool valve is provided with an axial 
bore (20a) and a pilot spool (30) is 
mounted in such axial bore. Radial 
passages (25-27) are provided in the 
main valve spool connecting its exterior 
with the axial bore and external sealing 
portions on the pilot spool cooperate 
with the radial ports so that in a neutral 
position of both the main valve spool 
and the pilot spool, no fluid flow occurs. 
Upon axial shifting of the pilot spool In 
either direction from the neutral posi- 
tion, fluid pressure is applied to oppo- 
site ends of the main valve spool to 
cause it to follow the pilot spool and 
thus effect a connection between the 
outlet and inlet ports of the fluid press- 
ure source and the appropriate side of 
the double acting cylinder. 
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SPECIFICATION 

Valve with Internal pilot 

5 Background of the invention 

h Field of the invention 
The invention relates to a valve, for example a 
four-way spool type valve for controlling the respec- 
10 tive application of fluid pressure and exhaust press- 
ure to opposite sides of a double acting piston 
disposed within a cylinder, wherein the pilot valve 
for controlling the movements of the valve spool is 
contained within an axial bore extending through 
15 the valve spool. 

2. Description of the prior art 
A four-way hydraulic valve for the selective appli- 
cation of fluid pressure and exhaust pressure respec- 

20 tively to opposite sides of a double acting piston- 
cylinder combination has been heretofore utilised in 
many industrial applications. Where substantial fluid 
pressures are Involved, the four-way valve generally 
has to be of substantial size in order to withstand the 

25 pressures applied to the double acting cylinder. 
Such control valve has generally taken the form of 
an outer housing containing axialiy spaced radial 
ports which are respectively connectableto the 
pressure and exhaust side of a fluid pressure source 

30 and the opposite sides of the cylinder containing the 
double acting piston, The flow of fluid through the 
proper ports is normally controlled by an axialiy 
shiftable spool mounted within the ported housing 
and having external sealing elements for effecting 

35 the required separation of the various ports in 
accordance with the axial position of the spool 
relative to such ports. To effect the rapid shifting of 
the valve spool in order to expedite the application 
of proper control pressures to the double acting 

40 cylinder, it has been common to apply differential 
fluid pressures to the ends of the spool through the 
medium of a relatively small pilot valve, which is 
operated either manually or by an electrical or 
hydraulic actuator. The employment of a separate 

45 pilot valve inherently involves the utilization of 
separate fluid pressure conduits leading from the 
pilot valve to the main spool type valve, with an 
attendant increase in total bulk of the valving 
package, increased cost of assembly, and increased 

50 risk of failure of the valve due to rupture of the 
exposed external piping. 

There is a need, therefore, for a valve such as a 
four-way spool type hydraulic valve employing a 
pilot valve to effect the control movements of the 

55 spool of the four-way valve, wherein the pilot valve 
may be incorporated as an internal part of the valve 
and any external conduits connecting the pilot valve 
to the valve may be eliminated. 
Moreover, there is often a need for convenient 

60 adjustment of the speed of operation of a double 
acting cylinder controlled by a four-way spool valve. 

Summary of the invention 
The invention contemplates the provision of an 
65 axial bore in the spool of an otherwise conventional 



four-way hydraulic spool valve. Within such axial 
bore, there is slidably mounted a pilot spool ele- 
ment. One end of the pilot spool element extends 
axialiy out of the valve spool bore and is connected 

70 to means for effecting an axial displacement of the 
pilot spool relative to the main valve spool. Such 
means may, for example, comprise a pair of sole- 
noids surrounding a magnetic core element which is 
secured to the pilot valve so that selective energiza- 

75 tion of one of the solenoids effects the shifting of the 
pilot spool in one or the other axial direction. 

A plurality of radial ports are provided in the main 
valve spool respectively connecting the valve spool 
bore with two conduits in the main valve housing 

80 which are connected to the return side of the 

hydraulic pressure source and with a single conduit 
connected to the pressure side of the hydraulic 
pressure source. The pilot spool is provided with 
axialiy spaced sealing shoulders which, In the neut- 

85 ra) position of the pilot spool relative to the main 
valve spool, respectively close each of the radial 
ports in the main valve spool. The pilot spool is 
normally held In such neutral position by a centering 
spring. 

90 Axial displacement of the pilot spool by the 
external means provided for such purpose effects 
the connection of the fluid pressure conduit to one 
end of the main valve spool and the exhaust or 
return fluid conduit to the other end of such spool. 
95 Such fluid pressure differential effects a shifting of 
the main spool to effect the connection of one side of 
the double acting cylinder controlled by the four-way 
valve to the pressure source while the other side is 
connected to the exhaust or return fluid conduit, 

100 hence effecting the actuation of the double acting 
cylinder. Such movement of the main spool valve 
constitutes an exact following movement of the 
shifting of the pilot spool so that these two elements 
again resume a neutral position relative to each 

105 other where the fluid pressures on the opposite ends 
of the main valve spool are again balanced, and the 
main valve spool remains in its described energizing 
condition until the pilot spool is shifted in the 
opposite direction by Its actuating means. 

110 The movement of the pilot spool past Its neutral 
position In an opposite direction effects a reversal of 
the application of fluid pressure and exhaust press- 
ure respectively to the opposite ends of the main 
valve spool, and thus shifts the main valve spool in a 

115 direction opposite to that previously described. Such 
axial shifting movement of the main valve spool 
reverses the application of fluid pressure and ex- 
haust pressure to the sides of the double acting 
cylinder and thus effects a reversal of the operation 

120 of such cylinder. Again, the movement of the main 
valve spool exactly follows the movement of the 
pilot valve and it again assumes the neutral position 
with respect to the pilot valve wherein the fluid 
pressures operating on the ends of the main valve 

125 spool are equalized. 

Whenever the actuating force is removed from the 
pilot spool, the pilot spool returns to its original 
neutral position through the action of the centering 
spring, and the spool of the four-way valve is 

130 returned to its initial position wherein no fluid 
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pressure is applied to the double acting cylinder 

controlled by such valve. 
The fact that the main spool exactly follows the 

axial movements of the pilot spool permits a throt- 
5 tling action to be imposed on fluid flow to the 

controlled cylinder simply by adjusting the limits of 

movement of the pilot spool. 
Further objects and advantages of the invention 

will be readily apparent to those skilled in the art 
10 from the following detailed description, taken in 

conjunction with the annexed sheets of drawings on 

which is shown a preferred embodiment of the 

invention. 

1 5 Brief description of the drawings 

Figure 1 is a vertical sectional view of a four-way 
hydraulic valve incorporating this invention, with the 
elements of the valve shown in their neutral or 
de-energizing positions. 
20 Figure 2 is an enlarged scale view of a portion of 
Figure 1, but illustrating the position of the pilot 
spool when it is axially shifted in one direction by the 
actuating solenoid. 
Figure 3 is a view similar to Figure 2 but illustrat- 
25 ing the position assumed by the main valve spool in 
response to the axial shifting of the pilot spool. 

Figure 4 is a view similar to Figure 3 but showing 
the positions assumed by the pilot spool and the 
main spool valve in response to an actuation of the 
30 pilot spool in an opposite direction. 

Figure 5 is a fragmentary elevational view of the 
ported portion of the valve sleeve housing. 

Description of the preferred embodiment ' 
35 Referring to Figure 1 , there is shown a complete 
four-way spool type valve 1 embodying this inven- 
tion. Such valve comprises an outer main housing 10 
defining a central bore 1 1 which is open only at one 
end. Housing 10 is provided with a plurality of axially 
40 spaced radial ports 12, 13, 14, 15, 16 and 17, each 
extending from the periphery of the housing 10 into 
communication with the bore 1 1 . Each port is 
internally threaded to receive a correspondingly 
threaded end of a conduit in the case of ports 12 
45 through 16, and to receive a plug in the case of port 
17. 

Ports 15 and 16 are respectively adapted for 
connection to opposite ends of a conventional 
double acting cylinder, (not shown) i.e., a cylinder 

50 having a piston medially disposed therein and fluid 
pressure chambers disposed on each side of such 
piston so that the application of a fluid pressure 
differential to opposite sides of the piston produces 
a corresponding movement of the piston in the 

55 cylinder, Port 13 is adapted for connection to the 
pressured outlet side of a fluid pressure source (not 
shown) and ports 12 and 14, which are respectively 
axially spaced on opposite sides of port 13, are 
adapted for connection to the return or inlet of the 

60 fluid pressure source. Port 17 is located adjacent the 
extreme inner end of the housing bore 1 1 and is 
provided solely for the purpose of draining the valve 
1 by removal of a plug therefrom (not shown). 
While the housing 1 0 could be employed alone to 

65 directly mount an axially reciprocable valve spool 20 



therein, this invention preferably utilizes an interme- 
diate sleeve housing 1 8 which is fixedly and sealably 
mounted within the bore 1 1 of the outer housing 1 0. 
Sleeve 18 may thus be economically fabricated from 
70 a metal having better anti-friction characteristics for 
the mounting of the main valve spool 20 therein. 
Valve sleeve 18 is provided with radial ports 18a, 
18b, 18c f 18d, and 18e respectively alignable with the 
ports 12, 13, 14, 15, and 16 provided in the main 
75 valve housing 10. 0-ring seals 19 (Figure 5) are 
mounted on circular slots cut around the exterior 
perimeter of the respective ports 18a-18e to effect a 
sealing engagement between bore 11 of the outer 
valve housing 10 and the inner sleeve housing 18. 
80 Sleeve housing 18 is secured in its inserted position 
in the main housing bore 1 1 by a plate 9 which is 
centrally apertured to abut a shoulder 1 8f provided 
on the sleeve housing 18 and is secured to the end 
face of the main valve housing 10 by one or more 
85 bolts 9a. An O-ring seal 18g is mounted in the outer 
end of sleeve housing 18 and effects a further seal 
between the sleeve housing 18 and the bore 1 1 of 
the main housing 10. 
Within the polished bore 18h of the housing sleeve 
90 18, there is mounted a valve spool 20 for axially 
slidable movements. Spool 20 is provided with 
axially spaced external sealing shoulders 21, 22, 23 
and 24. Between the adjacent shoulders the external 
surface of the valve spool is recessed, as indicated at 
95 21a, 22a, and 23a. In a neutral or inoperative position 
of the valve spool 20 with respect to the ports 1 2 
through 1 6, the sealing shoulders are disposed so as 
to isolate the various ports from each other and 
prevent all fluid flow through the valve 1 to the 
100 controlled cylinder. The annular recesses 21 a, 22a, 
and 23a are in turn respectively connected to a bore 
20a extending through the valve spool 20 by a 
plurality of radial ports 25, 26 and 27. 
The extent of axial displacement of valve spool 20 
105 relative to housing sleeve 18 is respectively limited 
in each direction by annular seal structures 28 and 29 
which are respectively held in a fixed position within 
the bore 1 8h of housing sleeve 1 8 by C-rings 28a a nd 
29a respectively. 
110 In accordance with this invention, a pilot spool 30 
is mounted for axial movements within the axial 
bore 20a of the spool valve 20 and is sealingly 
engaged by seal elements 28b and 29b provided in 
the annular seal structures 28 and 29. Pilot spool 30 
115 is provided with axially spaced sealing portions 31 , 
32 and 33, which, in the neutral position of the pilot 
spool 30 relative to the valve spool 20 are respective- 
ly disposed in overlying relationship to the radial 
ports 25, 26 and 27 when the pilot spool 30 is 
120 disposed in a neutral position with respect to the 
main spool valve 20. External recesses 31 a and 32a 
are formed intermediate shoulders 31 , 32 and 33. 

Pilot valve 30 is held in the aforesaid neutral 
position by a centering spring mechanism 40 com- 
125 prising an annular housing 41 which is externally 
threaded into internal threads 18k provided in the 
end of the housing sleeve 18. The spring centering 
housing 41 defines two axially spaced internally 
projecting shoulders 41a and 41b which respectively 
130 define stops for annular spring seats 42 and 43, 
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which are in abuttment with C-rings 44 and 45 
secured to the pilot spool 30. A spring 46 between 
spring seats 42 and 43 resiliently maintains the pilot 
spool 30 in its aforesaid neutral position relative to 
5 the main valve spool 20. 

In the neutral position of the pilot spool 30, a pair 
of generally U-shaped fluid passages 30a and 30b 
provided in the body of the pilot spool 30 respective- 
ly extend from a position axially inward from the 
10 recessed portions 31a and 32a of the pilot spool 30 to 
two outlets on the pilot spool which are respectively 
disposed within enlarged counter bores 20c and 20d 
provided in the ends of the bore 20a of the valve 
spool 20, 

1 5 The end of the valve spool 30 projecting axially 
beyond the centering spring mechanism 40 is se- 
cured, as by a transverse pfn 49, to an actuating 
mechanism 50 which may be either manually, 
electrically or hydraulically operated to effect a 
20 selective shifting of the pilot spool 30 in either 
direction from the aforesaid neutral position. In the 
example illustrated in these drawings, the actuating 
mechanism 50 comprises a pair of axially spaced 
solenoids 51 and 52 which respectively cooperate 
25 with a ferro-magnetic core 53 which is secured to a 
shaft 54, which in turn is secured to the pilot spool 30 
by the transverse pin 49. An external housing 55 is 
provided for mounting solenoids 51 and 52 and also 
provides a threaded mounting for adjustable end 
30 stops 56 and 57 which permit selective adjustment of 
the amount of axial displacement of the pilot spool 
30 to be effected through the selective actuation of 
either solenoid 51 or solenoid 52. 
As will be understood by those skilled in the art, 
35 whenever actuation of the four-way valve 1 is 
desired to effect the operation of the double acting 
cylinder controlled by such valve in a particular 
direction, an electrical signal will be applied to either 
solenoid 51 or solenoid 52 to selectively shift the 
40 pilot spool 30 in one or the other axial direction to 
effect the required shifting of the valve spool 20 in 
the direction required to effect the connection of the 
fluid pressure port 13 with the correct side of the 
double acting cylinder (not shown) and one of the 
45 exhaust or return ports 1 2 or 14 with the other side of 
such double acting cylinder. 

The operation of the aforedescribed device may be 
best understood by referring to the enlarged scale 
drawings of Figures 2, 3 and 4. In Figure 2, it is 
50 assumed that an appropriate electrical signal has 
been applied to the actuating mechanism 50 to effect 
the shifting of the pilot spool 30 to the right. This 
action removes the central valving shoulder 32 of the 
pilot valve 30 from Its position of alignment with the 
55 radial port 26 and permits fluid pressure to flow from 
the fluid pressure outlet connected to port 13 
through the annular recess 31a and into the fluid 
passage 30a provided in the pilot spool 30 to apply 
fluid pressure to the chamber A defined between the 
60 annular sealing mechanism 28 and the end face of 
the main valve spool 20. Concurrently, exhaust 
pressure is established in the fluid pressure chamber 
B defined between the opposite end face of the main 
valve spool 20 and the annular fluid sealing mechan- 
65 ism 29 by virtue of fluid flow from the exhaust or 



return port 14 through the internal fluid passage 30b 
in the pilot spool 30. Thus a fluid pressure differen- 
tial is applied to the main spool 20 in the direction to 
cause such main spool to precisely follow the axial 
70 displacement of the pilot spool 30, as illustrated in 
Figure 3. 

Referring now to Figure 3, wherein the main spool 
20 is shown in its axially shifted position, it should be 
first noted that the main spool 20 resumes its neutral 

75 position relative to the pilot spool 30 and that the 
fluid pressures on the opposite end faces of the main 
spool 20 in the chambers A and B are again 
balanced. Additionally, however, the fluid pressure 
port 13 which connects with the outlet side of the 

80 fluid pressure source (not shown) is now connected 
directly to the radial port 16 leading to one side of 
the double acting cylinder (not shown) while the 
other side of such cylinder is connected through port 
1 5 to the exhaust or return port 1 2 which is 

85 connected to the inlet side of the fluid pressure 
source. Thus the double acting cylinder controlled 
by the four way valve will have been shifted in the 
desired direction. 
Referring now to Figure 4, there is shown the 

90 position of the main spool 20 and the pilot spool 30 
when shifting of the double acting piston to be 
controlled is required in the opposite direction. Here, 
the pilot spool 30 Is first moved to the left by the 
actuating mechanism 50, and the main spool 20 

95 immediately follows such axial movement by virtue 
of the establishment of a fluid pressure differential in 
the chambers A and B at the opposite ends of the 
valve spool 20 to cause ft to follow the pilot spool 
and again resume a neutral position with respect to 
100 the pilot spool 30. In this left hand position, the port 
15 is now connected to the outlet side of the fluid 
pressure source whilst the port 16 is connected to 
the return or inlet side of the fluid pressure source 
through port 14. Thus, operation of the valve to be 
105 controlled in the opposite direction has been 
achieved. 

Under either conditions of operation, upon remov- 
al of the controlling signal from the actuating 
mechanism 50, resulting in the de-energization of 

110 the solenoid 51 or 52 as the case may be, the pilot 
spool 30 is returned to its original neutral postion by 
the centering spring 46. This causes the main spool 
20 to follow the pilot spool 30 through the establish- 
ment of differential pressures in the chambers A and 

115 B and the entire valving unit returns to the neutral or 
inoperative position illustrated in Figure 1. 

The fact that the main spool 20 exactly follows the 
axial displacement movements of the pilot spool 30 
may be advantageously utilized to produce a throt- 

120 tllng control of the amount of fluid to be transmitted 
to the double acting cylinder to be controlled by the 
valve 1. Thus* adjustment of the threaded end stops 
56 and 57 provided in the pilot spool actuating 
mechanism 50 will limit the axial movement of pilot 

125 spool 30 and will correspondingly limit the following • 
movement of the main valve spool 20. This move- 
ment may be reduced to the extent that a throttling 
action is imposed on the fluid passages established 
by the axial shifting of the main valve spool 20, thus 

130 limiting the amount of fluid flow to the cylinder to be 
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controlled. Hence, a four-way valve Incorporating 
this invention not only permits the selective actua- 
tion of a double acting cylinder in either direction, 
but also permits adjustment of the rate of flow of 

5 fluid to said cylinder to control the rate of movement 
of the cylinder in the desired direction. 

Although the invention has been described in 
terms of specified embodiments which are set forth 
in detail, it should be understood that this is by 

10 illustration only and that the invention is not neces- 
sarily limited thereto, since alternative embodiments 
and operating techniques will become apparent to 
those skilled in the art in view of the disclosure. 
Accordingly, modifications are contemplated which 

15 can be made without departing from the spirit of the 
described invention. 

CLAIMS 

20 1. A valve for selectively connecting the inlet and 
outlet of a fluid pressure to a fluid pressure chamber 
incorporating a fluid pressure responsive piston, 
comprising, in combination: a hollow housing hav- 
ing an axially spaced pair of first radial ports 

25 connectable respectively to said fluid pressure 
chamber on opposite sides of said piston, an axially 
spaced pair of second radial ports connectable 
respectively with said inlet and outlet of the fluid 
pressure source; said first ports being respectively 

30 axially adjacent said second ports; a valve spool 
axially slidable in the bore of said hollow housing; 
said valve spool having axially spaced external seal 
elements cooperable with said housing bore and 
recessed external surfaces intermediate said exter- 

35 nal seal elements, whereby in a neutral axial position 
of said spool no fluid flow occurs, in one axial 
position of said spool away from said neutral 
position, pressurized fluid flows through said pair of 
first ports in one direction, and in a second axial 

40 position of said spool in the opposite direction from 
said neutral position the flow pressurized fluid 
through said pair of first ports is reversed; said valve 
spool having an axial bore and radial ports connect- 
ing said valve spool bore with said recessed external 

45 surfaces, a pilot spool axially shiftably mounted in 
said valve spool bore; external sealing means on 
said pilot spool respectively sealing each of said 
radial ports in a neutral position of said pilot spool 
relative to said valve spool; a pair of axially extend- 

50 ing passages respectively extending from a region 
intermediate said external sealing means on said 
pilot spool to an axial end region of said hollow 
housing; and means for axially displacing said pilot 
spool from its said neutral position, thereby applying 

55 pressured fluid to one end of said valve spool to 
axially shift same from its said neutral position. 

2. A valve for selectively connecting the Inlet and 
outlet of a fluid pressure source to a fluid pressure 
chamber incorporating a fluid pressure responsive 

60 piston, comprising, in combination: a hollow hous- 
ing having an axially spaced pair of first radial ports 
connectable respectively to said fluid pressure 
chamber on opposite sides of said piston, an axially 
spaced pair of second radial ports connectable 

65 respectively with said inlet and outlet of the fluid 



pressure source; said first ports being respectively 
axially adjacent said second ports; a vatve spool 
axially slidable in the bore of said hollow housing; 
said valve spool having axially spaced external seal 

70 elements cooperable with said housing bore and 
recessed external surfaces Intermediate said exter- 
nal seal elements, whereby in a neutral axial position 
of said spool no fluid flow occurs, in one axial 
position of said spool away from said neutral 

75 position, pressurized fluid flows through said pair of 
first ports in one direction, and in a second axial 
position of said spool in the opposite direction from 
said neutral position, the flow of pressurized fluid 
through said pair of first ports Is reversed; said valve 

80 spool having an axial bore and radial ports connect- 
ing said valve spool bore with said recessed external 
surfaces, a pilot spool axially shiftably mounted in 
said valve spool bore; external sealing means on 
said pilot spool respectively sealing each of said 

85 radial ports in a neutral position of said pilot spool 
relative to said valve spool; a pair of axially extend- 
ing passages respectively extending from a region 
intermediate said external sealing means on said 
pilot spool to an axial end region of said hollow 

90 housing; and means for axially displacing said pilot 
spool in either direction from its said neutral position 
thereby selectively applying pressured fluid to one 
end or the other of said valve spool to selectively 
axially shift same in opposite directions from its said 

95 neutral position. 

3. The apparatus of claim 1 or 2 plus resilient 
means opposing the displacement of said pilot stool 
in either direction from said neutral position. 

4. The apparatus of claim 1 or 2 wherein said 
100 valve spool shifts in the same direction as said pilot 

spool, thereby restoring the neutral position of said 
pilot spool relative to said valve spool. 

5. The apparatus of claim 1 or 2 wherein said 
valve spool comprises a tubular element and further 

105 comprising annular sealing assemblies respectively 
mounted between the outer ends of said pilot spool 
and said axial bore of said housing to define fluid 
pressure chambers respectively cooperating with 
the end faces of said valve spool to apply fluid 

110 pressure forces thereto. 

6. The apparatus of claim 1 or 2 further compris- 
ing a conduit connecting housing having a cylindric- 
al bore for sealingly mounting said hollow housing, 
and internally threaded, conduit receiving, radial 

115 ports respectively aligned with said hollow housing 
ports. 

7. The apparatus of claim 1 wherein said means 
for axially displacing said pilot spool comprises a 
solenoid. 

120 8. The apparatus of claim 2 wherein said means 
for axially displacing said pilot spool in either 
direction from its said neutral position comprises 
solenoid core means secured to said pilot spool and 
a pair of axially spaced solenoids cooperable with 

125 said solenoid core to respectively shift same in 

opposite directions upon respective energization of 
said solenoids. 

9. A four-way pressured fluid valve comprising a 
cylindrical sleeve defining an axial bore and a 

1 30 plurality of radial ports connecting with said bore, a 
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first one of said ports being connectable to the outlet 
side of a fluid pressure source and a second one of 
said ports being connectable to the inlet side of the 
fluid pressure source; a third and a fourth one of said 
5 ports being respectively connectable to opposite 
sides of a double acting cylinder; a valve spool 
axially reciprocable in said housing bore; means 
adjacent each end of said valve spool limiting the 
axial movements of said valve spool; sealing means 
10 respectively adjacent said movement limiting means 
to define a fluid chamber adjacent each end of said 
valve spool when said spool is in a centered position 
relative to said movement limiting means, whereby 
a fluid pressure differential in said fluid chambers 
1 5 axially shifts said valve spool relative to said sleeve 
from said centered position in a direction deter- 
mined by said fluid pressure differential; external 
sealing means on said valve spool disposed interme- 
diate said ports in the centered position of said valve 
20 spool, thereby preventing fluid flow between said 
ports; said valve spool having an axial bore; radial 
fluid passages in said valve spool respectively 
connecting said valve spool bore and said first and 
second fluid ports in said centered position of said 
25 valve spool; a pilot spool insertable in said valve 
spool bore; external sealing means an said pilot 
spool isolating said radial fluid passages in a neutral 
axial position of said pilot spool relative to said valve 
spool; means for yieldably securing said pilot spool 
30 in said neutral position; and means for axially 
shifting said pilot spool from said neutral position, 
thereby connecting one said fluid chamber to the 
fluid pressure source inlet and the other said fluid 
chamber to the fluid pressure source outlet to move 
35 said spool valve from its said centered position. 

10. A four-way pressured fluid valve comprising 
a cylindrical sleeve defininig an axial bore and a 
plurality of radial ports connecting with said bore, a 
first one of said ports being connectable to the outlet 
40 side of a fluid pressure source and a second one of 
said ports being connectable to the inlet side of the 
fluid pressure source; a third and fourth one of said 
ports being respectively connectable to opposite 
sides of a double acting cylinder; a valve spool 
45 axially reciprocable in said housing bore; means 
adjacent each end of said valve spool limiting the 
axial movements of said valve spool; sealing means 
respectively adjacent said movement limiting means 
to define a fluid chamber adjacent each end of said 
50 valve spool when said spool is in a centered position 
relative to said movement limiting means, whereby 
a fluid pressure differential in said fluid chambers 
axially shifts said valve spool relative to said sleeve 
from said centered position In a direction deter- 
55 mined by said fluid pressure differential; external 
sealing means on said valve spool disposed interme- 
diate said ports in the centered position of said valve 
spool, thereby preventing fluid flow between said 
ports; said valve spool having an axial bore; radial 
60 fluid passages respectively connecting said valve 
spool bore and said first and second fluid ports in 
said centered position of said valve spool; a pilot 
spool insertable In said valve spool bore; external 
sealing means an said pilot spool isolating said 
65 radial fluid passages in a neutral axial position of 



said pilot spool; means for yieldably securing said 
pilot spool in said neutral position relative to said 
valve spool and means for selectively axially shifting 
said pilot spool in either direction from said neutral 
70 position, thereby connecting one of said fluid press- 
ure chambers to the fluid pressure source outlet and 
the other of said fluid pressure source inlet to move 
said valve spool from its said centered position. 

1 1 . The apparatus of claim 9 or 1 0 wherein said 
75 means for yieldably retaining said pilot spool in said 

neutral position comprises a centering spring. 

1 2. The apparatus of claim 9 or 10 further 
comprising a conduit connecting housing having a 
cylindrical bore for sealingly mounting said sleeve, 

80 and internally threaded, conduit receiving radial 
ports respectively aligned with said sleeve ports. 

13. The apparatus of claim 9 or 1 0 wherein said 
valve spool shifts in the same direction as said pilot 
spool, thereby restoring the neutral position of said 

85 pilot spool relative to said valve spool. 

14. The apparatus of claim 9 wherein said means . 
for axially displacing said pilot spool comprises a 
solenoid. 

15. The apparatus of claim 10 wherein said 

90 means for axially displacing said pilot spool in either 
direction from its said neutral position comprises 
solenoid core means secured to said pilot spool and 
a pair of axially spaced solenoids cooperable with 
said solenoid core to respectively shift same in 

95 opposite directions upon respective energization of 
said solenoids. 

16. A valve for selectively connecting the inlet 
and outlet of a fluid pressure source to a fluid 
pressure chamber incorporating a fluid pressure 

100 responsive piston, comprising, In combination: a 
hollow housing having an axially spaced pair of first 
radial ports connectable respectively to said fluid 
pressure chamber on opposite sides of said piston, 
an axially spaced pair of second radial ports connect- 
105 able respectively with said inlet and outlet of the 
fluid pressure source; said first ports being respec- 
tively axially adjacent said second ports; a valve 
spool axially slidable in the bore of said hollow 
housing; said valve spool having axially spaced 
110 external seal elements cooperable with said housing 
bore and recessed external surfaces intermediate 
said external seal elements, whereby in a neutral 
axial position of said spool no fluid flow occurs, in 
one axial position of said spool away from said 
115 neutral position, pressurized fluid flows through said 
pair of first ports in one direction, and in a second 
axial position of said spool in the opposite direction 
from said neutral position the flow of pressurized 
fluid through said pair of first ports is reversed; said 
120 valve spool having an axial bore and radial ports 
connecting said valve spool bore with said recessed 
external surfaces, a pilot spool axially shiftably 
mounted in said valve spool bore; external sealing 
means on said pilot spool respectively sealing each 
125 of said radial ports in a neutral position of said pilot 
spool relative to said valve spool; a pair of axially 
extending passages respectively extending from a 
region intermediate said external sealing means on 
said pilot spool to an axial end region of said hollow 
130 housing; and adjustable means for axially shifting 
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said pilot spool a predetermined distance from its 
said neutral position; whereby said valve spool 
shifts the same amount and direction as said pilot 
spool to restore the neutral position of said pilot 

5 spool relative to said valve spool and establish a 
flow rate thru said housing ports that is a function of 
said axial shifting distance of said pilot valve. 

17. A valve for selectively connecting the Inlet 
and outlet of a fluid pressure source to a fluid 

10 pressure chamber incorporating a fluid pressure 
responsive piston, comprising, in combination: a 
hollow housing having an axially spaced pair of first 
radial ports connectable respectively to said fluid 
pressure chamber on opposite sides of said piston, 

15 an axially spaced pair of second radial ports connect- 
able respectively with said inlet and outlet of the 
fluid pressure source; said first ports being respec- 
tively axially adjacent said second ports; a valve 
spool axially slidable in the bore of said hollow 

20 housing; said valve spool having axially spaced 
external seal elements cooperable with said housing 
bore and recessed external surfaces intermediate 
said external seal elements, whereby in a neutral 
axial position of said spool no fluid flow occurs, in 

25 one axial position of said spool away from said 

neutral position, pressurized fluid flows through said 
pair of first ports in one direction, and in a second 
axial position of said spool in the opposite direction 
from said neutral position the flow of pressurized 

30 fluid through said pair of first ports is reversed; said 
valve spool having an axial bore and radial ports 
connecting said valve spool bore with said recessed 
external surfaces, a pilot spool axially shiftably 
mounted in said valve spool bore; external sealing 

35 means on said pilot spool respectively sealing each 
of said radial ports in a neutral position of said pilot 
spool relative to said valve spool; a pair of axially 
extending passages respectively extending from a 
region intermediate said external sealing means on 

40 said pilot spool to an axial end region of said hollow 
housing; and adjustable means for axially shifting 
said pilot valve a predetermined distance In either 
direction from its said neutral position; whereby said 
valve spool shifts the same amount and direction as 

45 said pilot spool to restore the neutral position of said 
pilot spool relative to said valve spool and establish 
a flow rate thru said housing ports that is a function 
of said axial shifting distance of said pilot valve. 

18. The apparatus of claim 16 or 17 plus resilient 
50 means opposing the displacement of said pilot spool 

in either direction from said neutral position. 

19. The apparatus of claim 16 or 17 wherein said 
valve spool comprises a tubular element and further 
comprising annular assemblies respectively 

55 mounted between the outer ends of said pilot spool 
and said axial bore of said housing to define fluid 
pressure chambers respectively cooperating with 
the end faces of said valve spool to apply fluid 
pressure forces thereto. 

60 20. The apparatus of claim 16 or 17 further 
comprising a conduit connecting housing having a 
cylindrical bore for sealingly mounting said hollow 
housing, and internally threaded, conduit receiving, 
radial ports respectively aligned with said hollow 

65 housing ports. 



21 . The apparatus of claim 1 6 wherein said 
adjustable means for axially shifting said pilot spool 
a predetermined distance comprises a solenoid; a 
ferro-magnetic core element secured to said pilot 

70 spool and cooperable with said solenoid; and 

threadably adjustable stop means limiting the axial 
movement of said pilot spool produced by said 
solenoid. 

22. A valve assembly comprising a main valve 
75 member selectively movable to control fluid flow 

between a plurality of ports comprising a pilot valve 
member disposed adjacent the body of the main 
valve member and movable relative thereto so that 
movement of the pilot valve member causes move- 
80 mentofthe main valve member. 

23. Apparatus substantially as herein described 
with reference to the accompanying drawings. 
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